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INTRODUCTION
In an earlier paper (1) a method was proposed for solving the multi-
copy traffic assignment problem for urban stireet and highway networks. The
methods becomes computationally difficult for more than two copies. Therefore
the following approachtis proposed for solving this problem. The problen is
restated to expedite the discussion.
To reélistically represent travel times a linear travel time function

is proposed as follows:

t = al + a2V (1)
wnere
t = link travel time in hours per vehicle
al = constant ?epresenting travel time at free
- flow conditions
a, = empirically derived constant
"V = link volume in vehicles per link per hour.

The total travel time spent on each link is now obtained by multiplyin
equation (1) by the traffic volume V. Thus, the equation for total link
travel time 1s as follows:

, .
! =
t alV + a2V . | (2)
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Thus, a linear link travel time function produces a non-linear total travel
time function. A copy is defined in terms of destinations, thus a problem
with three principle destinations is termed a three copy network regardless

of the number of origins.

Problen Formulation
To formulate the problem, the following notations are used and which

represent quantities for each copy:

represents the nodes (n = 0,1;2,...,N; m= 0,1,2,.0.,M)

(n,m) =
(n,m) _ . .

v = the number of vebicles entering at the node (n,m)
(n,m)

= the number of vehicles traveling in the horizontal
direction from the node (n,m) towards node (n,m+l)

gt

Xén,m) = the number of vehicles traveling in the wvertical

direction from the node (n,m) towards node (n+1,m)
P(n,m) = fraction of the vehicles entering node (n,m) that leave
on the horizontal link

Z(n,m) - Xén:mrl) . Xén—l,m) + V(n’m)

at the node (n,m).

,» the total number of vehicles

To include the effects of other copies the following terms are defined:

VH(n’m) = the total numb?r gf vehicles on the same links in the same
direction as XHn’ ,on all other copies
VV(n’m) = the total number of vehicles on the same links in the same

direction as X;™*™  on all other copies.
Using the above notations the fraction of the volume of traffic at the

node (n,m) which travels in the hroizontal direction can be expressed as:

P(n,m) =-Xén,m) / Z(n’m) (3)

and consequently,

1 - P(n,m) - X1(Vn,m) / Z(n,m) ' (1)



The total time required to travel the network is given by:

. 2 Gnm) (y(m) | am)y (o)) g (am) )

= Lo b Xy o ST
2
(n m)[xén m) (n,m)] . (n m)[X§n m) (n,m)] (5)
where
p(mM) | 6 0 and therefore xén’M) = 0.0, (n = 0,1,2,...,N)
p{m) - 1 5 ana therefore xf,N’m) = 0.0, {m = 0.1,2,...,M),
(n,m (n,m) _ . . \ .
and where aVl , aVQ = the constants associated with the vertical
streets. from thé node (n,m) to (n+l,m)
(n,m) (n,m) = the constants associated with the horizontal
®H1 > %H2

streets from the node (n,m) to (n,m+l).
To summarize, the problem is one of mipimizing T, given by equation
(5), by finding suitable values of P(n,m? (n = 0,1,2,...,N; m = 0,1,2,...,M)
for each copy.

Solution Procedure

The determination of an optimsal 3551gnment for copy one of a street network
is accomplished as follows:
STEP 1: Label the destination as node (N,M) and divide the network into X
stages in the following manner:
Kth stage: All the routes that form a rectangle whose
diagonsal is formed by nodes (N-1,M-1) and (N,M).

(x-1)% stage: All the routes that form a rectangle whose

diagonal is formed by nodes (§-1,M-2) and (N,M).
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(k-2)P stage: All the routes that form a rectangle whose

diagonal is formed by nodes (N-2,M-1) and (N,M)
and any other routes that were included in the

previous stages.

ISt‘stage: All the routes that fqrm a rectangle whose
diagonal is formed by nodes (0,0) and (ﬁ,M) and
any other routes that were included in the
previous stages.

Figure 1 shows a stép by step procedure of dividing a 3 x 3

network into nine stéges. It is noted that the nodes covered

with hatch marks should be included in the stages bui are
éxcluded in the computation since they do not alter the value
of P(n,m) when determining the minimum travel time. If the
destination is an interior node, the problem is dividedrinto

guadrants using this node as the center. Xach quadrant is considered

a separate problem where the link volumes on the boundary links

- from the other quadrantis are considered as inputs to the quadrant

STEP 2:

being studied. These inputs are VH' ° ' and VV(n’m) in equation (5).

Assume an initial value, for example 0.5, for all P(n,m)

., the
fraction of vehicles at node (n,m)‘that travel in the horizontal
direction towards the node (n,m+l) with the following exceptions:

P(n,M)

= 0.0, n =0,1,2,...,N.

and . pllsm) _ 1.0, m = 0,1,2,...,M .



For the first copy set VH(n’m) = VV(n’m) = 0. The succeeding

values are determined from Xég’m) and Xén,m) from the other

copies.

STEP 3: With these values of P(n,m)

, start from the node (0,0) and
determine the number of vehicles on all the routes. This is done

for all nodes (n,m) by the following recursive relationships

X}(In,m) = pln,m) | o(n,m)
X.‘(,n’m) = (l - P(n’m)). . Z(nam) (6)

(n,m) (n,m) .

= 9 - Xy

These numbers must be integer, if not, they are rounded to the
nearest integer.
STEP 4: With the vehicles loads as determined in step 3 by equation (6),

start at the‘kth stage, which represents node (i,3) and by keeping
(1,3)

the number of vehicles entering the kth stage 2 constant,

(i,3)

determine the new value of P at this node that minimizes the
total travel time for this stage by changing Xél’J)(or X&l’J)) in
equation (7) which is obtained from equation (5),

. | -
z Z (n,m)[XH nsm) , yg(remly al({g,m)[xén,m) + yulPom

m—j n=i

. (n,m)[)%(,n m) (n,m)] . (n,am)[XV n,m) (n,m)]2

(7)

is replaced with the new value of

(1,5)

The previous value of P

plisd)

and the number of vehicles on 21l the routes at this stage

are adjusted according to equation (6) for:



STEP 6:

(n =41, i+l,...,N; m = §,3+1,...,M).

, that is P(l’j)

(n,m)

Note that only one value of P » 18 adjusted

at each stage. Proceed to the next stage and repeat the process.

The process is repeated for all stages until new values for all

P(n,m) have been determined.

(n,m)

One iteration is now completed. The values of P from this

iteration are compared to the corresponding values from the

(n,m)

previous iteration. When the values of P do not differ

significantly on two successive iterations the answer is considered

optimal for this copy. If they do differ significantly, go to step

(n,m)

3 using these new values of the P as the initial values and

repeat the procedure until an optimal solution is obtained
for this copy.

The above procedure, step 1 thru step 5, is repeated for the re-

(n,m) (n,m) are

maining copies where the new values of VH and VV

(n,m)
'

computed from Xén,m)

and X from the previous copies. One

pass is completed when a solution for each copy haé been obtained.
The entire procedure is repeaﬁed as many timeé as necessary starting
with the first copy until the total travei time for all copies does
ﬁot differ significantly on two successive passes. When this

occurs an optimalhsolution has been obtained.

The method proposed in (1) for solving the multicopy traffic assignment problem

' becomes computationally difficult when there are several nodes and copies.

The proposed method provides a practical method for obtaining the optimal

solution to these problems.
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